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THEORETICAL 
INTRODUCTION TO GLYCOSIDES. 
The term"glycoside" is a general term applied to 
compounds containing a group combined with a sugar residue 
through an ether linkage involving the reducing hydroxyl. 
The non-sugar portion is called the aglycone. 
The sugar portion may consist of residues of any of a 
number of sugars but glucose is most often present. In this 
case the glycoside is called a "glucoside" and possesses the 
following general formula:-
H OH 
A' fJ -D-glucopyranoside. 
In general glycosides are colourless crystalline solids 
with a bitter taste. They are stable to dilute alkali but 
are hydrolysed by dilute acid or enzymes, the latter often 
being found in the same plant (if it is a plant glycoside). 
The rate and ease of hydrolysis varies widely. In optical 
activity they are often laevorotatory and their optical rota-
tion remains constant in non-ionisj_ng solvents i.e. they do 
not mutarotate. Since they do not reduce Fehling's Solution 
or combine with phenylhydrazine or similar reagents, it is 
clear that the reducing hydroxyl group on carbon one is the 
one involved in the glycosidic link. 
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OCCURRENCE AND FUNCTION. 
Glycosides are widely distributed in nature, occurring 
in plant and animal tissues. 
Amongst the an:i.rnal glycosides are the important 
nucleoproteins. These contain D-ribosides of purine bases 
and 2-deoxy-D-ribosides of pyrimidine bases, both of which 
are essential constituents of the cell nuclei of c:mirnals 
and plants. 
In plants, glycoside.s may oecur i.n almost a.ny part of 
the organism but t.:hey are found especially i.n the roots, 
bar I( and fru5 t. 
VJhere bitter glycosides are found in the bark or seed 
case, they are thought to be protective in fnnction and 
that the liberation of hydrogen cyanide by hydrolysis of 
cyanogenetic glucosides in the bark may have an antiseptic 
actlon and so assist in the healing of vJounds. 
'Glycosides may act as reserve materials in plants, 
being brought into the circulation by hydrolysis by a 
particular enzyme when they are needed, Hany colouring 
matters exist in the plant as glycosides. 
Tlre amount of glycoside present varies with the species 
of plant and the time of year. 
DETOXIFICATION. 
Detoxification is the process by which toxic substances 
are rendered harmless in the animal body. This is a very 
cooonon process and frequently occurs by a type of glycoside 
formation. Borneol, for instance, combines with glucuronic 
acid through carbon atom one to givE:: a glucuronide. 
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COOH 
H 
Borneol Glucuronide. 
EXTRACTION. 
Extraction is usually effected with water or alcohol 
in some apparatus like a Soxhlet extractor. 
Superheated steam may be used to destroy enzymes which 
are often present in a different part of the same plant. 
CLASSIFICATION. 
Glycosides afle usually classified according to their 
aglycones, e.g. the red and blue pigments of flowers form 
a group, the anthocyanins, all containing anthocyanidins 
combined with sugars and the cyanogenetic glycosides all 
possess a cyanide group in the aglycone. 
STRUCTURE. 
The structure of glycosides may be discussed under 
the following headings:-
(a) The sugar or sugars present. 
(b) The aglycone. 
(c) The type of linkage i.e. vJhether o( or (3 • 
and (d) The ultimate proof of structure by synthesis. 
(a) The Sugar or Sugars Present. 
The sue;ar most often found is D-glucose but many others 
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occur e.g. rhamnose ((c.) -deoxy-1-Nannose) is frequently 
present and xylose is common. In the nucleosides D-ribose 
and 2-deoxy-D-rj~bose occur1 and the cardiac glycosides 
2 
contain a number of unusual sugars e.g. 
CHO 
I 
Cymarose 
H-C-OH 3-methyl-2,6-deoxy-
I 
CHO 
I 
CH2 
I 
Digitalose 
3-methyl-6-deoxy-
D-galactose CH30-C-H D-allose H-C-OCH I 3 I 
HO-G-H 
or 
3-rnethyl-2,6-deoxy- H-C-OH 
I I H-C-OH -D-altrose H-C-QH 
I 
CH3 
I 
CH3 
When t-vro or more monosaccharide residues are present, 
as indicated by the isolation from the hydrolysis mixture 
of hro or more molecules of monosaccharide per molecule of 
glycoside, they may be attached to separate positions on 
the aglycone e.g. positions 3 and 5 in the anthocyanj_n 
'"' . d ._") glycosJ_ es • 
The Anthocyanidin Nucleus. 
Al ternatj_vely the monosaccharide molecules may be 
combined as B. cUsaccharide or trisaccharide. 
e • g. Aro.ygdalin 4 • 
H 
H OH 
(3-Gentiobiose Hand.elonitrile. 
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The enzymic hydrolysis of glyco::ddes is a reversible 
reaction a.nd its rate is retarded by the addition of only 
one sugar, namely that present in the glycoside. 
A number of equal portions of a glycoside solution 
is taken and to each is added an equal volume of an enzyme 
solution and a definite quantity of a number of sugars. 
After a short time, say tv..ro hours, the enzyme is destroyed 
and the extent of hydrolysis determined. 
In one experiment the glycoside xanthorhamnin 
c~o~~H· 
~ORHflMNIN05~ 
0 
Xanthorhamnin. 
was hydrolysed to the extent of 55- 60% either alone or with 
glucose, fructose, galactose, rhamnose, sucrose, lactose, 
maltose or raffinose. Hm,rever, in the presence of rhamninose 
(a trisaccharide containing one galad::ose and bvo rhamnose 
residues per molecule) which is the sugar formed during 
hydrolysis, only 39% of the glycoside was decomposed. This 
is the basis of Ter Iv1eulen 1 s Hetbod for finding the sugar 
present in a glycoside5. 
The sugars may also be characterised from the hydrolysis 
mixture as any of their normal derivatives e.g. semicarbazones 
phenylhydrazones, osazones, or osotriazoles. 
The formation of phenyl-osotriazoles is a recently 
developed method of great promise in the characterising of 
carbohydrates. The phenyl osazone is converted to the 
phenylosotria,zole by boiling "~JJi th aqueous copper sulphate. 
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Hann and Hudson who discovered this reaction6 state that 
"the phenylosotriazoles have very low solubilities in vra ter, 
crystallise spontaneously, are stable, and have sharp melt-
ing points, specific rotations and crystalline appearance". 
They recommend the method for small samples as the yields 
are high. 
THE POSITION OF rHE SUGAR RESIDUE. 
The position of the sugar residue in the aglycone may 
be determined by methylating the glycoside and then hydro-
lysing the m.ethylated product with dilute acid or an 
appropriate enzyme. The position of the free hydroxyl is 
then determlned. Diazomethane can be used to methylate 
the phenolic hydroxyl groups in glycosides of the flavone 
class. 
The monosaccharide residues are present in the pyranose 
or six membered type of ring with the exception of D-ribose 
and 2-deoxy-D-ribose in nucleosides, the unusual sugars in 
the card.iac glycosides and fructose in oligosaccharides, all 
of which exist in the furanose or fj_ve membered ring form. 
The evidence for the type of ring is based on oxidation of 
methylated sugars and the prqperties of the methylated aldonic 
acid lactones7. Evidence from X-ray analysis8 in the solid 
state confirmed the accepted configurations of o( andj3 
glucose and ShO\o!ed that the carbon atoms in the ring are 
coplanar and do not form Sachse strainless rings. The 
oxygen atom :Ls slightly displaced out of the ring. It is 
thought that the st:t·ucture is the same in solution also. 
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(b) THE AGLYCONE. 
The non-sugar portion of glycosides varies from the 
simplest allcyl group to the most complex steroid genins 
of the cardiac glycosides. 
The free aglycone is almost always an hydroxy compound. 
In the nucleosides, however, the sugar is johu-;d to the 
nitrogen atom in position nine in the purine nucleus and to 
th . t t . . t. th . tl . . ;:] . . 1 · .e n1 ·rogen a ,om 1n pos 1 1on . ree 111. 1.e pyr:1mJ.u.1ne rJ_ng • 
In the mustard oil glycosides the sugar is joined direc:tly 
to a sulphur atom. 
Glucose - S - y - CH2CH=CH2 
O=C 
I 
so20K 
.Sinlgrin (Potassium myronate). 
(c) THE STEREOCHEMISTRY OF THE GLYCOSIDIC LINKAGE. 
"\tli th only one or two dubious exceptions all the 
naturally occurring glycosides have the beta configuration 
of the linlmge behveen the sugar and aglycone. 
In the common glucosides Cj3-glucosides) the aglucone 
occupies a position on the opposite side of the ring from 
the hydroxyl gr·oup on carbon hm. 
H OH 
p-methyl-d-glucopyranoside. 
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EYiden.:ce for the configuration of the hydroxyl on 
carbon one of glucose itself \va.s early obtained from the 
measurement of the electrical conductj.vi ty of solutions 
a 
of the sugar· in the presence of boric acid:::~. 
It had been observed that the addition of boric acid 
to a solution of a glycol increased the conductance mo1·e 
\-!hen the adjacent hydroxyls possessed the cis configuration 
than when they were trans with respect to each other. 
Applying this rule to his results for glucose Boeseken 
concluded that in the conventional o( form the glucosidic 
hydroxyl lies on the same side of the ring as the hydroxyl 
on carbon two. 
The rates of the gradual fall in conductivity of the 
0(-D-glucose-boric acid complex solution and. the rising 
conductivity of the ;3-D-glucose-boric acid complex solu-
tion coincided with the rate of mutarotation. 
The relationship between o(- and j3-glucose and o<-
and )1-glucosides was shmm by Armstrong10 • He shm..red that 
in the hydrolysis of o(-methyl-D-glucos ide with maltase, the 
enzyme from yeast, the addition of a drop of anunonia after 
the reaction had proceeded for a short time, caused a marked 
fall in optical rotation thus proving that it was o(-D-glucose 
vrhich vras formed. Similarly using /3-methyl-D-glucoside and 
emulsin from bitter almonds, the specific rotation increased 
on the addition of annnonia. This shows that o(-D-glucose 
results from the enzyme. hydrolysis of o( -methyl-D-glucoside. 
The ammonium hydroxide caused the raptd attainment of the 
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equllibrium between the o( anc1j3 .forms j_ .e. rnutarota tiori. 
The above proof vms possibh~ only because hydrolysis 
proceeds faster than mutarota tiOJ') befor-e the addition of 
the a.mmoni8 .• 
HUTAROTATION. 
A soilint:Lon of either an alpha or l)eta sugar with a 
free reducin££ hydroxyl in an ionising solvent changes in 
optical rotation, :L.e. mutarotation, until it attains a 
constant vc:due. 
The alpha or beta glycosides, hmrever, can be inter-
converted only with great difficulty, if at all. 
The conversion of ;3-methyl-te.traacetyl'-gJ.ucoside 
into the. o( :i.someJ:> ·Has accomplished by Pacsull by heating 
with TiC14 in a chloroform solution. The conversion >:Jas 
almost quantitative and there ·was little decomposition. 
HUDSON'S ISOBOTATTOl'if RULE.S. 12 
Hudson assurned that the ~YC'inciple of optical super-
position holds for sugars. It states that in a Jnolecule 
vri th a number of centres of a.symrnetry, the contribution to 
the total or1tical rotation made by the remainder of the 
molecule :Ls independent of the configm~at:ton. about the end 
carbon atom .. 
The Flolecular rotatton of the end carbon atom rnay be 
designated A c:md that of the :cest of the molecule B. For 
one 1somer then, the molecular rotation ts equal to A + B, 
'"h1le :for the other, it is -A + B. 
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The molecular rotation of the alpha form of a sugar 
minus tha.t of the beta form is equal to 2A and should be 
constant for a series of free sugars or sugars Hith the 
same substituent on carbon one. 
t 1 ~· p. . 12 He shoued that this ·Has approxima e y crue. _ J.gman 
has shovm (19Ll,l) , hovrever, that the 2B value for glucose 
is greatly increased if an arornatic ring constitutes the 
aglucone. 
c{-and 
o(-and 
o( - ; 
-<:.tnG 
j3 -D-glucose 
(3 -D-galc-1ctose 
;3-D-lactose 
o(-and /:. -L-arabj_nose 
o(-and p -wethyl-D-glucoside 
o(-and f.; -methyl-d.-galactoside 
2A (the difference) 
+ 16,000 
+ 15,700 
+ 17,400 
- 16,200 
36,700 
37,900 
From this \"mrk he deduced a method for namins the alpha 
and beta iso1ners superior to the old arbitrary one of call-
ing the more detrorotatory isomer alpha ancl the other beta. 
He fornmlatec1 the rulf:J that for sugars and glucosides 
genetically ~related to D-glucose, the suhtra.ction of the 
optical rota:tion of the _;3-isomer from that of the o(-isomer 
should give a positive difference, but for those sugars and 
glycosides related to L-glucose this difference should be 
negat:i.ve. 
(a) BY BROHil'TE OXIDATTON. 
Isb~ll and Pigmanl3 distinguish alpha and beta sugars 
by comparing their rates of oxidation by bromine. They 
have shov:r1l. that the beta :tsomer is more rapidly oxic1ised 
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than the alpha form in the pentoses, hexoses, and heptoses 
which have been examined. 
(b) BY PERIODIC ACID OXIDATION •14 
Jackson and Hudson sho-v.red tha.t lvhen a glycoside is 
treated 1·dth a solution of periodic acid (H5I06) in vrater, 
oxidative rupture of the ring occurs giving an optically 
active eli glycollic aldehyde. , 
H OH 
o<.-methyl-D-e;lucopyranoside. 
o&methyl-D-pentofuranoside. 
HCOOH 
D 1 - rrJethoxy-D-hydroxymethyl 
-diglycollic aldehyde. 
D1 -methoxy-D-hydroxymethyl 
-diglycollic aldehyde. 
H 
bH ~Ji-I . ~ ONe + 2H5I06-~H1~)1:e + HCOOH ir + sH2o 
+ 2HI03 
Any methyl-D-pentopyranoside. D'-methoxy-diglycollic 
aldehyde. 
T-vm adjacent hydroxyls are oxidised to aldehyde groups 
,,,Ji th fission of the carbon to carbon bond but if hydroxyls 
are present on three or more adjacent carbon atoms those at 
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the ends are oxidised to aldehyde groups as usual while 
those in bebreen are eliminated as formic acid. 
One molecule of periodic acid is used in splitting the 
glycol carbon to carbon bond and one additional molecule is 
required for every(CHOH) group above two in number if they 
are a.dj a cent. The amount of periodic acid used therefore, 
gives direct evidence on the slze of the ring. Pyranose 
rings all use hw wolecules of periodic acid per rnolecule 
of e;lycoside, 1-~Tldle furanosides require only one. A glyco-
side vii th the septanose ring vwuld be expected to consume 
three molecules of periodic acid but It appears that this 
has not been confirmed experimentally yet. 
The diglycollic aldehydes produced in the oxidation 
are optically actlve due to the asymmetry of carbon one of 
the sugar and of carbon five also, in alclohl3Xopyranos ides. 
The configu:ration of the aldehydes derived from all the 
aldohexopyranosicles and aldopentofuranosides should be the 
sarne if the sugars are relatNl to D-gly.ceralclehyde and the 
glycosidic group j_s consistently either alpha or beta. The 
a.ldehyde derived from the aldopentopyranosides or aldohexo-
septanosides (containing: the septanose or seven rnemberec1 
ring) 1vould contain only one centre of asymmet:cy, that due 
to ca.rbon one • This means that their c:<-1- and o(-D-zlycos_Ldes 
give the sa.H.e aldehyde, 
Ja.ch:son c-.tnd Hudson14 (1937) verifiecl tlK~ above statewents 
by trea tirJ[:' a nu1nbe:c of methyl glycoside s vJi th pr:0riod ic a.cicl 
and isol<:l_ti:n:..; the pure aldehydes. 
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<>( -rne thyl-D-xylopyrEJ.nos ide 
j3 -methyl-D-xylopyranoside 
~ -roethyl-D-arRbino~Iranoside 
o(.. -methyl-D-glucop!JrranoGide 
o(-methyl-D-galactopyranoside 
j3 -n1.ethyl-D-gl11Copyranoside 
Dj_aldehycle 
[ o<..]~ 
+ 125.2 
- 124.3 
+ 117.8 (slightly 
impure) 
+ 121.1 
+ 120.7 
- 148.1 
- 150.6 
This n1etbod provides an elezant means of proving the 
ring st:cuctDre and the configuration of groups a11out carbon 
one h1 a sJnple ano direct vray. 
(c) TI-ill 1'\.CTION OF ENZYNES. 
Sorne enzymes are specific j_n their hydrolysing a.ction 
on t.h.e hm types of linh~c:tge. For example emulsin from hit .. ter 
alrnonds hyc1rolysc-3S ;3-rnc:.Jthyl-D-ghwopyranoside but does not 
affect o(.-methyl-D-g1ucopyranoside. 
The rule that only (3-glucosicles a1'e hydrolysed by 
e1r1ulsin is not l•.ri thout exceptions and in general enzymlc 
hydrolysis of a glycoside does not provide certain information 
on the con.:E'it;ura.tton of the glycosidic 11nk. In a number 
of glycosides enrulsin is without effect on both alpha and 
beta iso:me:cs. 
The ease of enzymic hydrolysis of glyco.sides varies 
for one particular sugar with the nature of the aglycone. 
FischexJ,S found that deTivatlves of o(-hydroxy-butyric acid 
are very resistant to hydrolysis and in line with this 
Finne more '-'twJ C oop(:;r16 not.ecl that Lotaus tralin ts~ only 
slcnv-ly dlctecl on by almonds i.e. emulsin. 
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(d) THE: SYNTBESIS OF GLYCOSIDES. 
Synthesis is regarded as the ultimate proof in estab-
lishing the structure of a glycoside. The more important 
methods of synthesis a:ce briefly revieHed j_n this section. 
In 1893 Fischer prepa:cecl a number of hemiacetals among 
\vhich i:ras o<-methyl-D-glucopyranosi.de17 . He treated the 
free s1J.8ar 1·.rith. anhydrous methanol saturated 1-d.th hydrogen 
chloricle. In 1914 he prepared '' ¥ -methyl glucoside" in 
impure form by condensing glucose with methanol in tlre 
presence of hydrogen chloride at lovr temperature18 • Th.is 
" )(-methyl glucoside" was shmm to be methyl-D-glucofuranosicle 
by HaJ;mrth19 in 1926, and pure crystalJ5ne o<-rm~thyl-D-gluco­
furanoside was prepared20 by IIaworth, Porter and Waine in 
1932. From the above vJOrlc it is seen that if glucose is 
trec:lted vri th dry methanol in the presence of 1% dry hydrogen 
chloride, the product is mainly methyl-D-glucofuranosides 
when the l~eaction j_s carried out at room b::nrrperature. If, 
however, tb.e :mixture is heated under reflux the pyranoside 
modification :is the main product. 
This reaction is a general one and can be applied to 
other sugars and to 8. variety of alcohols viz. ethyl, propyl, 
benzyl and similar alcohols. 
THE DD·JETI-f~L SULPHATE HETHOD. 
Haquerme (1905) shmved that glycosides can be prepared 
by the careful methylation of the sugar with one equivalent 
of dimethyl sulphate i.e. CCH3)2S04 and sodium hydroxide in 
,,ra ter21. 
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THE PURDIE-IRVINE METHOD. 
Purdie and Irvine developed a method by which methylated 
sugars can be prepared by the action of silver oxide a.nd 
methyl iodide on the free sugar22 but the hydroxyl group on 
carbon one tends to be oxidized by the silver oxide. 
The above methods due to Haquenne and Purc1ie and Irvine 
are not very important for prepar:i_ng methyl glycosides but 
they are the standard reactions for producing completely 
methylated sugars. 
SUGAR ANHYDRIDES IN GLYCOSIDE SYNTiillSIS. 
1:2-anhydro-3:4:6-triacetyl-glucosan pn treatment vlith 
aliphatic alcohols or \vi th phenols, gives glycosides by 
opening of the ethylene oxide ring. ;3 -glycosides res:ult 
'llri th al:i_pha.tic alcohols but phenol forms o<..-phenyl-D-
1 •::t 23 g UCOSlu.e • 
Trill KOENTGS-DmRR REACTION. 
This is the most important method of synthesising 
~omplex glycosides. Although it was first used by 1"achae125 
in the synthesis of Hethyl Arbutin in 1881, it is generally 
lmovm by the above name as these investigators established 
it as a standard method. The reaction makes use of the 
discovery that in a fully acetylated sugar the acetyl group 
on carbon one is ~ore reactive than the others and can be 
replaced by an atom of a halogen (usually bromine) on treat-
ment vlith a. solut1on of the dry halogen halide in glacial 
acetic acid. 
The halogen is very reactive in the case of iodine and 
there is a marked decrease in its reactivity in passing from 
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iodine up to fluorine 26 • 
The acetohalogen sugar \vill condense v.JJth hydroxy 
compounds v.Ti th the elimination of hydrogen halide and the 
formation of a tetraacetyl-glycoside. ~There the sugar is 
to be directly linked to a sulphur atom as in the mustard 
oil glycosides.or nitrogen, as in the purine or pyrimidine 
glycosides, a silver or potassium salt of the aglycone n1ay 
be reacted \·Ji th the ace to halogen sugar but in most reactions 
silver oxide or carbonate is used to remove the hydrogen 
halide ano the addition of a drying agent has been found_ to 
improve the yield. 
Since carbon atom one is as-y-mmetric there is usually 
a Halden j_nversion of configuration on it when the bromine 
is replaced. \t,Ji th glucose and most other sugars it is 
fortunate that the more stable of the hm isomeric acetyl-
glycosyl-halides is that with the alpha configuration27 so 
that vJhen this isomer reacts in the Koenigs-Knorr reaction 
\·Jalden inversion occurs vJi th the formation of the fJ-acetyl-
glycoside only. This is us'ually the more important compound. 
It has been observed, however, that o(-acetochloromannose28 
and o<-acetobromorharnnose29 give mixtures of alpha and beta 
acetylated glycosides as well as orthoesters. 
In 1916 Fischer discovered that by substi tl1ting quino-
line for silver oxide as the means of removing the hydrogen 
halide, the Koenigs-Knorr reaction could produce a mixture 
of al1)ha and beta isorners30 • ·It has also been observed21 
that up to 90% alpha can be prepared by using 2-trichloracetyl-
3:4:6-triacetyl-/3 -D-glucosyl chloride in the ordinary reaction. 
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The,following solvents are commonly employed, dioxan, 
benzene, ether, -acetone or an excess of the aglycone i tsel.f 
if it is a liquid. The hydrogen halide has been removed 
with silver oxide or carbonate, potassium hydroxide, pyridine 
ot quinoline. The addition of "Drierite" (anhydrous calcium 
sulphate) or anhydrous magnesium sulphate improves the yield 
b bl b i th . d t. 32 '1-. -1- tl pro a y y suppress ng . e s L e reac lon ue vvJeen 1e 
halogen and \m te:r, in i-Ihich the halogen j_s replaced by a 
hydroxyl group. 
THE ZENPLEN NODIFICATION OF THE KOENIGS-KNORR REACTION. 
Zemplen found in 192933 that an acetobromo-sttgar on 
treatment \vith phenol in the presence of aluminium filings 
and mercuric acetate in benzene produced the acetylated 
o<::-phenyl glycoside. The follovring year he showed that 
th 1 . . 34 e a. umlnlum vJas unnecessary • In this reaction c<-
glycosides a:r:e formed Hhen the concentration of the aglycone 
is lovi and ;J-glycosides when it is high compared with that 
of the acetobromosugar. A series of experiments with 
varying quantities of mercuric acetate indicated that for 
maximum yields of glycoside the concentration of the mercury 
salt should be less than equivalent to the hydrogen bromide 
34 formed • 35 In 1947 Zemplen used the complet:ly acetylated 
sugar and mercuric bromide instead of t~ acetobromosugar 
and mercuric acetate. 
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ORTHOESTER FORMATION. 
If the halogen atom on carbon atom one is trans with 
respect to the acetyl group on the second carbon atom as in 
o( -te traacetyl-D-mannopyranosyl bromide, 
oC-tetraacetyl-D-mannopyranosyl bromide. 
then an orthoester forms as well as some ~ -tetraacetyr 
glycoside on treatment vli th an alcohol and silver oxide. 
The reaction is a competitive one and the proportion of 
orthoester and alpha- and beta-glycoside derivatives produced 
36 is determined by the experimental conditions employed 
Frush and Isbell shovred that the trans configuration of 
acetyl and halogen permitted an "opposite face attack" on 
carbon one by the carbonyl oxygen atom of the acetyl group on 
carbon two. The halogen is simultaneously eliminated as an 
anion. The intermediate cation so formed reacts with a 
molecule of alcohol to give the orthoester. It was early 
observed that the acetyl group involved in orthoester formation 
is stable to dilute alkali but is hydrolysed by dilute acid. 
Orthoesters have been reviewed recently by Pacsu who 
quotes the following mechanism in "Advances in Carbohydrate 
Chemistry" Vol. I. 
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POSTULATED NECHANISH FOR ORTHOESTER FORHATIOl'J. 
The acetyl g1•oup and 
halogen are trans. 
i ,. CH30ll 
n 
CH
3
-c(_JJI 
0- -H I 
I 0 
I 
A methyl orthoester. 
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GLYCOSIDF.S FROJii SUGAR Iv1ERCAPTALS. 
In 1925 :Pacsu37 shov.red that when sugar mercaptals are 
boiled with an excess of mercuric chloride in absolute al-
coholic solution o(-alkyl-pyranosides are produced in high 
yield. 
C6 H12o 5 (SCH2Ph) 2 + 2HgC12 + C2H50H .. 2HC1 + 2Pl1CH2S-Hg-Cl 
+C6Hll Os- OC2H5 
Hexose dibenzyl-mercaptal ~Ethyl-pyranoside. 
In 1937 Green and Pacsu38 modified the previous exper-
iment by adding excess yellow mercuric oxide and allo"\ved the 
reaction to proceed at room temperature. Nainly ;3-furanoside 
was formed but about 2;~ of the alpha isomer vJas isolated. 
If the mercaptal is treated '"'i th mercuric chloride and 
yellmv mercuric oxid.e in aqueous solution at 0°C. the thio-
f 'd 39 ·~ ~ . d uranos1 e 1"' ... orme • 
LI.Q 
Tlill SYNTHESIS OF PHENOLIC GLYCOSIDES. ~ 
Helferich has prepared phenolic glycosides by heating 
either alpha o:e lJeta fully acetylated sugars ·vri th the phenol. 
In the presence of anhydrous zinc chloride the for'mation of 
the alpha isor~1.er is favoured but para-toluene-sulphonic acid 
favours the beta derivative. 
THE ENZYMIC SYI\fTHESIS OF GLYCOSIDES. 
The enzymic hydrolysis of a glycoside is a reversible 
reaction. 
Glycoside + '".rater ~sugar + aglycone. 
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In dilute solutions the equilibrium lies almost 
completely to the right but in higher concentration.s of 
the aglycone e.g. an alcohol, the same glycoside can be 
synthesised. This has been called the Biochemical Syn-
thesis of glycosides. By this means o(-methyl glucoside 
th . ~, tt h tt f t 1 . d 41 was syn . <3SlSeu. nroug 11e agency o yeas g l:tCOSl ase • 
'The same experi:cnenters also produced o(-allyl- and 
o(-propyl-glucosides by the same means. 
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THB CYANOGEI\r:G~riC GLYCOSIDES. 
Armstrontr states that v.rhen hydrogen cyanide can be 
isolated from plant tissues its origin can invariably be 
traced to a glycoside, These glycosicles containing a 
nitrile group in the aglycone are called "Cyanogenetic" or 
I 
"Cyanophoric" glycosides. One of the best known members 
of this grOUJ) is Amygdalin found in bitter almonds and the 
l~ernr:.~ls of some stone fruit. It was diseovered in 1830 
but was not synthesised until almost a hundred years later. 
It j_s mandoloni trile-p -gentiobioside. 
CH~~OH 
H· 0 
H O--CH2 H OH H H I 
HO H 0-C-CN 
OH I 
Ph 
H OH 
Amygdalin. 
Another fairly well known glyeoside in this elass is 
Linarnarin, present jn flax and in the seeds of the rubber 
tree. It is the glucoside of a.cetone cyanhydrin. 
Linamarin. 
The follovrine chart shows the method used by Fischer 
and Aneer Jn th.e ir synthesis of Linamarin42 in 1918, A 
sirrdlar synthesj_s was used by Campbell and Haworth43 in 
their synthesis of A~ygdalin in 1924. 
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THE SYN1"1BESIS OF LINAHARI.N.. 
TH3 
CH3 
+ HOC--COOE t .-----" 
I 
0-C-COOEt. 
I 
CH3 I CH3 H 
~-acetobromoglucose Ethyl- o(-hydroxyisobutyra te 
I 
CH30H-NH3 
Methanolic ammonia 
l 
H rH3 
O-~-CONH2 
HO CH3 
This compound was reacetylated by 
means of Ac20 and pyridine. 
I 
POC13 
t 
CH·)" I . 
0-C-CN 
I 
CH3 
Linarnarin. 
- 24 -
PRESENT INVESTIGATION. 
The object of the present investigation was to synthL~sj_se 
Lotaustralin, a cyanogenetic glucoside found in ~hite clover, 
(Trifolium repens) and in Lotus australis. The structure of 
Lotaustralin has not been definitely established yet but the 
following evidence due to Finnemore, Cooper and Cobcroft is 
pertinent16 • 
1. On hydrolysis 1.-rith barium hydroxide it gave the barium 
salt of .ol(-hydroxy-o(-methyl-butyric acid. 
2. \vi th 10% hydrochloric acid methyl ethyl ketone \vas 
produced and hydrogen cyanj_de vras evolved. 
3. Front the products of enzymic hydrolysis glucose was 
characterised as the osazone. A little acetone was also 
identified in the hydrolysis products suggesting that a srr1a.ll 
amount of Linamarin occurs naturally with the Lotaustralin 
isolated from Lotus australis. 
The above data led to the postulation of the follow:tng 
formula for Lotaustralin by Finnemore, Cooper and Cobcroft16 : 
Lotaustralin. 
A sample from Lotus australisl6 v.ras analysed by the above 
workers. 
Found C 49,56% 
Th(.;oretical C 50.58% 
H 7.36% 
H 7,28% for c11Hl906N. 
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m.p. 128° to 136 °C and 
In the l)resent investigation an attempt has been made 
to synthesis Lotaustralin by a ffi(~thod closely para1lelling 
that used by Fischer and Anger in their synthesis of Lina-
marin42 and by Ca.mpbell and Haworth in the synthesis of 
Amygdalin43 but the synthesis '"'as not carried to completion. 
CH3-c-C H 
. II 2 5 
0 
I. 
1 
?H 
CH3- r-C2H5 
CN 
II. 
OH 
I 
CH3-,-C2H5 
COOH 
III. j 
CHART OF PROPOSED SYNTHESIS. 
Methyl ethyl ketone. 
HCN and about 5 c.c. of saturated 
NaCN in water at 0° c. 
dl-methyl-ethyl-ketone-cyanhydrin. 
Concentrated hydrochloric acid at 
room temperature for some days. 
dl-methyl-ethyl-glycollic acid, 
.Anhydrous CuS04 and CH30H refluxed. 
(A.) dl-methyl- o<'-hydroxy-o(-methyl 
butyrate. 
H-R H-~-OH I 
HO-C-H 0 
H-~ OH I 
H-C 
I 
CH20H 
IV. 1 
11-7 OAc I 
H-C-OAc 
I 
AcO-C-H 0 
H-i OAc I 
H-C 
I CH20Ac 
v. l 
H-6 Br I 
H-6-oAc 
~ I 
AcO-C:JH G) I . 
H-r-OAc 
H-C 
I 
CH20Ac 
CI~BT OF PROPOSED SYNTHESIS (Contd.) 
o(-D-glucose. 
Ac2o and three drops of concentrated H2so4 
catalyst or 1:1 glacial Acetic acid: Ac20 
and 1.5 c.c. HCI04 at room temperature. 
o{-1: 2:3:4 :6-pentaacetyl-D-glucose. 
Glacial HAc saturated \vith HBr at 0° c. 
(B) oC-2:3:4:6-tetraacetyl-glucosyl bromide. 
(acetobromog1ucose) 
Cfu~RT OF PROPOSED SYNTHESIS (Contd.) 
H-C-Br . (8) 
I 
(R) 
H-C-OAc 
I 
AcO-C-H 0 
n-{ OAc j 
H-C 
I 
CH20Ac 
VI. · Ag20 and anhydrous MgS04. l Walden Inversion occurs in this reaction. 
CH3 CH..,ooc-6-o-~H 
u I I 
C2H5 H- C-OAc 
I 
AcO-C-H 0 
::~1 OAc I 
I CH20Ac 
VII. 
VIII. 
Condensation product. 
Anhydrous CH30H saturated with NH3 
at 0° C. 
The cleacetylated amide. 
Ac20 and Pyridine at room temperature. 
X. 
CI{ART OF PROPOSED S~TilliSIS (Contd.) 
1H3 El' NC-C-0-C-H 
c 21~5 H-7-0Ac 
AcO-C-H 0 
H-t~Ac I 
H-C 
I CH<"')OAc 
I~-' 
The acetylated amide. 
d and 1 forms separated here. 
P205 in xylene or POCl3 in pyridine. 
Acetylated Lotaustralin. 
Anhyclrous CH,30H 
-------+ 
saturated vd th 
Nrh at 0°C. 
t.) 
Lotau.stralin. 
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A DISCUSSION OF 'J'HE REACTIONS IN THE PROPOSED SYNTHCSIS. 
REACTION I. CYill~riTDRIN FORMATION. 
Tv!O methods were used for the pre para tj_on of rne thyl 
ethyl lcetone cyanhyclrin. They differ in experimental 
details only, both relying on the direct addition of hydrogen 
0 
cyanide to thr) ketone~ at 0 C • in tb.e presence of a trace of 
sodium cyanicte i.e. cyanide ions. Equilibrium is attained 
rapidly under these conditions a.nd the lm~r temperature favours 
a high conversion to cyanhydrin. 
MECHANISML1A. 
G> 
+ CN. 
Lapworth and Manske44 , 45 determined the dissociation 
constants of n1etbyl etr1yl l\:etone cyar1hydrin a.ncl others ir1 
96~~ alcohol at 20° C. For the reaction 
K = 2,65 and AG = -2.1 kilo. cals. 
This shm_rs that the cyanhydrin is thermodynamie:ally 
unstable at ordinary tt-)mperatures so that its purification 
should be e:arr·ied out at as lm~r a temperature a::; possible. 
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REACTION II. 
THE PRgPAliATTON OF c{ -HYDROXY- JC-Iv!ETHYL-BUTYRTC ACTD. 
The hydrolysis of ni tril.c~s to caTboxylic acids is a 
v.rell knmm I'f1action vlhich may be carri8d out ,,J'i th either 
acicl or alkaJ_j_. The a.rrdde :i_s the j_ntermediate. 
R-C::N H?.O., R- C -NH2 II J 
H?,O )oR- C -OH 
II + 
0 0 
With strong sodium hydroxide it was fow1d in the 
ltyd:rin on heating gave an evil smelljng solution ·with the 
odour of an 1sord.trils and on aeidjfication no acid could 
be extracted with ether. Hycholysis '~J~Ti th strong hydrochloric 
acid46 gave excellent yields of acid. 
REACTION III. 
1JlE PPJ:GPJJ}1ATION OF METHYL- o(-HYDROXY- o(-JviETHYL-BUTYRATE. 
1. An attempt was made here to convert the cyanhydrin to 
the ester directly by loH ternperatu.re alcoholysis (i.e. at 
:eeflux temperatn:ee) Hi th anhydrous alcoholic hydrogen chloride. 
R-CN + R 10H + HCl R-C-OR 1 
II 
0 
81J:tege147 using ten moles. of alcohol and one mole. of 
sulphuric acid per mole. of nitriJ.e got high yields hy heating 
in a sealed tube at 130° to 140°c. The above lmJ temperature 
method fa:il<3d. On neutralisation of the excess hydrogen 
chloride with sj_lver carbonate and heating at 40°cat low 
pressure to :cewove the excess alcohol a. v,rhi te amorphous prec-
1pi tate formed Hhic h charred but did not melt at 200° C. 
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It may have been lactide of the hydroxy acid. No ester 
distilled over. 
8. Diazo-ntethane48 prepared from N -methyl-n:i. trosourea was 
used to prepar·e the methyl ester. This was found to be an 
elegant method for small quantities, but was inconvenient 
for larger BJtJounts. 
A great advantage lies in the almost complete absence 
of byproducts. Pure diazo-methane is explosive and is 
poisonotis49 even in very low concentrations. It was thought 
early in the present investigation that the ester gave rise 
to the lactide by a process similar to the fo.rmation of di-
lcetopiperazines from amino acid esters. Later it was found 
that the ester was fairly stable in the absencEJ of \oJater50 • 
3. Anhyd:rous copper sulphate51 acts both as a dehydrating 
s.gent and as a catalyst in the esterification, particularly 
of hydroxy acids. 
REACTION IV. THE ACETYLATION OF GLUCOSE. 
Anhydrous o(-D-glucose was acetylated by a method first 
mentioned by Skraup and Koenig 190152 • It involves the 
action of acetic anhydride and sulphuric acid as catalyst on 
the sugar. The reaction is so ra_pid that little of the beta 
isomer is produced. S'3 The method due to Redernann and Niemann''-
lnvolves the action of acetic anhydride and three drops of 
concentrated sulphuric acid as an acid catalyst on glucose. 
The reaction is violent and must be carefully contr·olled.. 
- 29 -
The pentaacetate is not isolated and acetobromoglucose is 
formed by passing in hydrogen bromide. A little pentaac8tate 
was isolate<1 from one run and on recrystallisation the melting 
point and specific rotation showed that it was almost all 
alpha-glucose-pentaacetate. 
54 Early this year (1948) Nicholas and Smith reported 
that a nmnber of sugars including glucose could be acetylated 
in high yields using a mixture of glacial acetic acid and 
acetic anhydride with a little perchloric acid as catalyst. 
The reaction 1:ras described as rapid at room temperature and 
as going in high yield, but no details were given. 
A private communication from Dr. W.G. Overencl of Birrn-
ingham for the authors contained details of the method ·vrhich 
can give 95% yields but usually gives yields from 60 to 90%. 
Using this method the yield obtained was 70.5% of o( -penta-
acetyl-D-glucose in the present work. 
REACTION V. THE PREPARATION OF -2:3:4:6-TETRAACETYL-D-
GLUCOSYL BROMIDE ACETOBROMOGLUCOSE) • 
In 1873 Colley25 prepared acetochloroglucose by the 
action of acetyl chloride on the sugar. The same reaction 
was used by Koenigs and Knorr in 1901 to prepare acetobromo-
glucose24 • Fischer improved their method in 1911 by treating 
l 
(3-pentaacetyl-glucose with hydrogen bromide in glacial acetic 
acid55 • As the c:>(-acetobrornoglucose is much more stable than 
the beta isomer it has been found possible to use either 0(-
or ~glucose-pentaacetate. · Here the oC-isomer was used as 
it is the more convenient one to prepare. Fischer and 
Armstrong56 consider it inctdvisable to leave the pentaacetyl-
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glucose in contact with tt~ hydrogen bromide solution for 
morc:l than. an hour and a half as 2:3: 4-triacetyl-1 :6-di bromo-
glucose begins to form. The acetobromosugar is unstable 
and must be keyYt at 0°C. to prevent decomposition. 
REACTION VI. THE KOENIGS AND I\NORR CONDENSATION. 
This reaction has been discussed unde:t' Synthesis of 
Glycosides, page 14. Here the condensation was carried out 
vli th excess methyl c<-methyl-cC-hydroxy-butyrate in dioxan 
soh1. tion and dry silver oxide was used to remove the halogen 
and anhydrous magnesium sulphate was used as the dehydrating 
agent. The simple Beilstein Test was used to determine when 
the reaction v.ras complete. 
REACTION VII. AMIDE FORMATION. 
The ester· group was converted to the amide by treatment 
with dry methanolic ammonia at 0°C. As this reagent is also 
a deacetylating agent the acetyl groups -vrere l'l~moved from the 
2-rnethyl-2- ( ~ -tetraacetyl-glucos ida)-bu_tyramide. This 
reagent is not alkaline enough to hydrolyse the amide group 
further. 
REACTION VIII. REACETYJA'riON OF THE 2-r1ETHYL-2- ( (? -GLUCOS IDO)-
BUTYRAMIDE • 
The ''rell knm"n JI!C:lthod of acetylation using acetic 
anhydride and pyridine57 was used, at low temperature. Any 
method of acetylation not interfering vdth the rest of thE:) 
molecule could have been used as there is almost no likelihood 
of isomerisat:Lon of the j3 -glucosidic link in any of these 
reactions. 
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It was proposed to separate the d and 1 forms at this stage 
by fractional crystallisation as Campbell and Haworth did43 
but time did not permit this. 
REACTION IX. TBE DEHYDRATION OF THE AHIDE TO NITRILE. 
It was proposed to use phosphorus oxychloride to 
convert the amide to the nitrile but time did not allov-1 
this step to be carried out. In a recent review58 on the 
preparation of nj_triles this method was reported to give 
good yields. For complete conversion the reaction needs 
only 30- 50 mole. % of phosphorus oxychloride. 
1--IECHANISH. 
11 
RC ONH2 + POC l3 --R- C-NH2 
I 
R-~-NH 
OPC12 II . 
0 
2 HOPOCl2 
or 3 HOPOClo 
(J 
OIIC12 
----~ RCN 
> POC13 
----+ 2 POC l3 
0 
+ 
+ 
-HCl R- C ssNH 
+ 
I 
· OPOC12 
HOPOCl2 
H3P04 + HCl 
H3P04 
Surrey59 claimed that the adcli tion of sodium chloride 
to the above reaction mixture gives an improved yield. 
F • l 1 ~ Ct • 60 lSCr1 ano u ,elner have used pyridine to remove hydrogen 
c hloricle for:rned in the reaction. 
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REACTION X. DEACE'J'YLATION. 
The acetyl groups can be removE~d v.ri th a saturated 
solution of awmonia in anhydrous methanol at 0°C. The 
otherwise convenient method of deacety1ation using barium 
or sodium methylate could not be used here as there vwuld 
be danger of these reagents attacking the nitrile group. 
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SUiv1HARY 
1. Hethyl ethyl ketone ''ras converted to methyl ethyl 
Jcetone cyanhydrin by reaction with hydrogen cyanide 
:in the presence of a little sodium cyanide as 
catalyst at 0°C. 
2. Conversion of methyl ethyl ketone cyanhydrin to 
o(-hyclroxy- o<.-methyl butyric acid was effected by 
hydrolysis with fuming hydr·ochloric acid. 
3. Esterification of this acid with methyl a.lcohol vras 
carried out in tl~ presence of anhydrous copper 
sulphate as an acidic catalyst and dehydrating agent, 
any remaining acid being esterified \.vi th diazo-methane. 
4. Acetob:comoglueose, ~Jrepared fro:11 glueose pentaacetate 
by trea.t:ment ·with hydrogen bromide, v\ras condensed with 
the above ester in the presence of dry silver oxide 
and anhydrous magnesium sulphate t.o giv(:: rnethyl-2-
( ;3-2:3:4:6-tetraacetyl-D-glucosi.do) -2-methyl butyrate. 
5. The above compound 1.vhich did not crystallise was con-
verted to the amide by dry methanol saturated with dry 
ammonia at 0°C. This reagent removed the acetyl groups 
from the glueose residue. 
6. The awid_e vms acetylated 1,~Ji th pyridine and acetic 
anhydride. 
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EXPERH'lENTAL. 
METHYL ETliYL T112J.:..-ONE CYANHYDRIN FOJiMATIOI;L45 . 
(I) v.felch and Clemo Hethod61 • 
The following preparatj_ons were performed in a fume 
cupboard with efficient ventilatibn. 
Methyl ethyl ketone (1 mole., 72 gm., 90 c.c.) was 
added to a solution of povrdered commercial "eggs" of sodium 
cyanide (49 gm., 1 mole.) in 200 c.c. of water· in a 1500 c.c. 
beaker surrounded by an ice-salt freezing mixture. Sulphuric 
acid (1 mole., 98 gm.) was added to water to make a 30% 
solution and was cooled in ice. The sulphuric acid v.ras 
slo·wly added with stirring the temperature being kept as low 
as possible. Tho cyanhydrin separated as a whit(,;, fairly 
opalescent Ltquid as the upper layer. About an hour after 
adcling the last of the acid the cyanhydrin was separated off 
with a funnel and the water layer extracted four times with 
100 c.c. lots of ether. After the combined ether solution 
had heen d:e:i.ec1 over anhydrous ina.gnesinm sulphate overnight 
the ether <:..ras distilled off at 35°C. The pressure was 
lo\vered to 20 m.m. and the cyanhydrin distilled over rapidly 
as a colourless oily liquid at 90°C. 
Yield 42,.-t grams. i.e. 43% of the theoretical. 
c.f. nl9 
D 
1.4130 
1.41525 J 62 Ulcee • 
(II) Direct Combination of HCN and Hethyl ethyl ketone. 
Hydrogen cyanide was prepared by a modification of 
the. method in Ore;anic Syntheses60. 
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CommeTcial sodium cyanide (305 gm., 6 moles.) ·hras 
dlssolved in as little WD.ter as posstble so there Hould be 
less water for the hydrogen cyanide to dissolve in. Con-
centrated sulphuric acid (320 c.c., 6 moles.) was added to 
\vater (320 c.c.). These bro solutions v.rere added to a 1-~-
litre flask by two dropping funnels. The hydrogen cyanide 
as vapor (B.P. 26°C.) was led off and passed tl~ough two 
calcium chloride U-tubes immersed in water kept at 35°-40°C. 
The hydrogen cyanide was needed dry only to ascertain hmv 
much had been produced. The vapou_r was passed through a 
vertical reflux condenst:Jr supplied vJi th tap water (11 °C.) 
and dipping into a \veighed receiver eontaining the ketone 
surrounded by an ice-salt freezing mixture. 
Yield of hydroe;en cyanide 119.9 grams (74 .o~{, of the 
theoretical) • 
To methyl ethyl ketone (315 c.c., 3.,5 moles., 252 grn.) 
in a bol the ad flask vms added a solut1on of 3 gm. of sodium 
cyanide in 10 c.c. of water. The flask ''ras weighed then 
surrounded by an ice-salt freezing mixture. Hydrogen cyanide 
\•ras added slmrr1y but the adcU t:lon '"'as periodically stopped 
to allow the reaction mixture to cool. The reaction vessel 
remained in ice overnight and next day the sodium cyanide was 
filtered off. rro the deep red solution concentrated hydro-
chloric acid \·JC:i.S acJded drop 11y drop ,,J:l th stirring until the 
solution was just acid to congo red paper. It was then 
d. is tilled. The main fractj_on came over at a bath temperature 
of 94°C., boiling at 87°C. 15 m.m. pressure. 
c.f. 
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Yield 273.5 grn. Le. 79,0% of th<:,oretical calculated 
on methyl ethyl ketone. 
n20 1.4140. 
1.41525 62 Ultee • 
PREPARATION OF d-HYDROXY- oC-METHYL BU'rYRIC ACID46 • 
tv1ethyl ethyl ketone cyanhydrin (99 grn. , 1 mole.) 1vas 
refluxed gently v.rith 450 c .c. of concentrated hydrochloric 
acid for 6 hours on a water bath. From time to time the 
mixture was swirled gently. A copious white precipit~te 
of amrnoniurn chloride formed. The mixture was evaporated to 
a third of 1ts original volume on the water bath and the 
ammonium chloride which separated on cooling 111as filtered 
off. The filti·ate was extracted with ether in a separating 
funnel and the ethereal extracts dried by standing over anhy-
drous magnesium sulphate overnight. The ether v.ras distilled 
off at 35°, then the last traces liere removed at low pressure. 
The contents of the flask were poured into a weighed basin 
v1here almost colourless needles of the. acid soon appeared. 
The acid v.ras very hygroscopic. 
Yield 110.3 grams. i.e. 93,5;£ of the theoretical. 
H. P, 70°C. 
On two recrystallisations from petrol ether (B.P,40°-
500) colou:t'less needles melting at 72 ,5°C. were obtained. 
C:,1, Heilbron and Bunbury0 ~. 
About 5 grams of the acid in 30 c.c. of distilled 
water were left in contact with excess silver carbonate for 
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On filtering and evaporating in a vacuum 
desiccator rosettes of almost colourless crystals of the 
silver salt forrned. These were rinsed vii th distilled 
water and dried in a desiccator. A sample of the silver 
salt was weighed in a platinum boat. 
This 1rJaS heated over a Fischer burner gently at fjyst 
and later at red heat in a furnace made of a horizontal 
piece of silica tubing 20 em. long and 2.5 em. in diameter. 
0.01724 grn. of silver salt gave 0.00827 grn. of silver. 
% silver = 47.97% (theoretical 48.10%). 
ESTEBJFICATIQN OF ()(-HYDROXY- oC -METHYL-BUTYRIC ACID • 
. (I) ALCOHOIJY,SIS. 
In one trial run65 10 c, c. (9. 2 gm.) of me trql ethyl 
ketone cyanhydrin and 50 c.c. of pure ethyl alcohol contain-
ing 5 gm. of dry hydrogen chloride 111ere refluxed on a glycerol 
bath at 100° -115° for 6 hours. The vrhi te precipitate of 
ammonium chloride was filtered off and the solution stood 
over excess silver carbonate ·hri th occasional stirrlng for 
about an hour. This was then filtered off and excess alcohol 
removed at low pressure at less at 45°C, On raising the 
temperature only a trace of distillate came over and a 1flhi te 
amorphous soLid appeared in the flask. This suggested, 
incorrectly as it turned out, that tlre ester was easily de-
composed so it was decided to use diazo-methane as an 
esterifying agent. The \·.rhi te amorphous solid charred without 
melting at 197° so it was not angelic or tiglic acids, It 
was most likely the lactide but no further tirne l.ATaS spent on 
this, 
(II) 
Llg 
\VITH DIAZO-METHANE~ • 
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The advantages of diazo-methane are that almost the 
only byproduct is rd troe;en and the reaction can be carried 
out in dry etlillr which is easily removed. 
Methyl urea (10 gms., 0.135 mole.) vias converted to 
the hydrochloride with 20 c. c. concentrated hydr·ochloric 
acid (0.2 moles.) in a 600 c.c. beaker as the reaction 
mixture froths •. Sodium nitrite (14 gm., 0.2 moles.) was 
0 
added a little at a time vJi th stirring at -10 C. After a 
short time the mixture was poured into ice (120 gm.) and 
concentrated sulphuric acid (11.2 c.c., 0.2 moles.) vJhen 
the ni trosomethylurea rose to the surface as a foa.my micro-
crystalline solid. This was filtered at the pump, washed 
with ice water and pressed on the filter paper and was dried 
in a vacuum desiccator in a cool place. Nitrosomethy~1rea 
is not very stable and may explode is kept for some weeks. 
Yield 10.61 gms. i.e. 76.2% of the theoretical. 
Anothe.r preparation gave an 83.6% yield. 
Conversj_on to Diazo-metl}~ 
This was carried out in a fume cupboard with an 
efficient fan. In a tall 800 c.c. beaker 180 c.c. of 40% 
potassium lzydroxide solution were cooled to 0°C. 500 c.c. 
of ether 1.r~ere added and when the temperature reached -l0°C. 
with an ice-salt ndxture 60 grn. of nitrosomethylurea Here 
added in small portions with stirring. After an hour the 
bright yellN'r ethereal solu.tion of diazomethane was poured 
off and other 200 c.c, of ether added. The combined 
ethereal solutions \•rere clriecl for three hours over potass:turn 
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hydroxide pellets and decantecl off. Even in ether solution 
diazomethane deJcornposes slmtily so the solutton was used 
immediately. 
Adamson and Kenner's method of preparing diazohydro-
66 
carbons \rl<JS applied to diazomr~thane llSing JJKJSi tyl oxide 
prepared in 65.25% yield fr·om acetone acco:l'ding to the rnethod 
in Organic ~jyntheses67 • 
~% ~% 
CH3-C==.CH-C~J-CH.~ + CH3NH2, --- CH.3-C-CH2-C-CH3 ~ · • I _, ·11 • 
NH 0 
I 
Hesityl ox-i.de. CH3 
NaN02 + HOAc. 
CH0 
Na in I u CH3- C-CH2- C -CH·:> ~ I u 
N-N=:O 
CH2N2 cyclohexanol 
·+ Mesityl oxide. I 
CH3 
Nitrosometh_ylarninoketone. 
Although the conditions described Here ad herod to, 
the yielci of ni tr•osoam:Lnoketone ·vre:,_r; only :34~~. 1.rrhich compcclred 
unfavourably 1-dth th<'-) 70-80% y:i elds cl<J.imed by th<~ authors 
and with the yields of nitrosomethylurea. This rnethocl ·Has 
not given any further consideration. 
E.sterif:Lcat:ion \rd. th Dia zo-rne thane. 
GO gms. (O • .S83 moles.) of Nitrosomethylnrea Here 
treated with alkali and tt~ ~esulting ethereal solution of 
cliaz;o-JneUmn<c.; drtecl. ovE:l' pellets of l)Ot.a_ssium hyc1J•oxide. 
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To this solution was added 30 gms. (0.254 moles.} of 
D(-hydroxy- 0\.-methyl-butyric acid previously dried in a 
vacuum desiccator for two days over phosphorus pentoxide. 
The solution remained bright yellow and effervesced as 
before when a few additional crystals of the acid v1ere 
added. This confirmed that there v.ras an excess of diazo-
me thane present. The flask was stoppered with a cork with 
a bend and calcium chloride tube and stood over night. Next 
day the ether . \vas removed at a trnospheric pressure and 35°C. 
The pressure was lowered to 20 m.m. and the main fraction 
distilled at 45°. The boiling point of the methyl ester68 
is 152°C. at 760 m.m. 
Lm = 21 X (152 + 273) (by Trouton's Rule.) 
and Log 760 = 21 x425 (425- T) (Clausius-Clapeyron 20 1. 987 X 2 • 303 (425 xT) Equation) • 
. . B.P. = 4~0c. t 20 _ a m.m. pressure. 
which agreed fairly well with tlre actual boiling point 
cons:i.dering the approximate nature of Trouton's Rule. 
Yield 24.6 gm. 
Found %-OCH3 
The ore tical %-OCH3 
i,e. 73.5% of the theoretical. 
23.13% by the Zeisel method. 
23,48% 
The discrepancy \ms probably due to insufficient drying 
of the solution of diazo-methane. 
(III) WITH ANHYDROUS COPPER SULPHA~E51 • 
Recrystallised acid (45 gm., ·381 moles.), anhydrous 
methanol (180 c.c., 4.5 moles.) and 20 gm. of anhydrous copper 
sulphate were refluxed for 8 hours on a water bath, moisture 
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being excluded with. a calcium chloride tube. The reaction 
mixture was then stirred "~'Ti th 300 c. c. of distilled \vater 
and the ester extracted with a total of 600 c. c. of ether. 
The ethereal extract ·vms dried over n:i_ght over anhydrous 
magnesium sulphate and the ether removed at 35°. The 
pressure vras then lNJered to 20 m.m. and held there to remove 
the last traces of etb.er. On raising the temperature the 
ester distilled from 40° to 46°. 
Yield 49.7 gm. or 98,8% of the theoretical. 
Another preparation gave a yield of 76.0% of the 
theoretical. 
Found 21.92% 
Theoretical 23.48% for C4H90·COOCH3. 
After distillation of 30 gm. of ester over 5 gm. of 
phosphorus pentoxide69 the per cent. methoxy was determined. 
Found /{-OCH3 
Theoretical %-OCH3 
23 .32J0 
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PREPARATION OF 54 ~-1:2:3:4:6-PENTAACETYL-D-GLUCOSE • 
Commercial pure o(-D-glucose was used. 
(uncorrected) 
= after 5 minutes (C = 4,060 
in \vater) . 
Anhydrous glucose (SO gm,, 0,277 moles.) vras warmed 
to 30°C, in a mixture of l50 c,c, glacial acetic acid (2,62 
moles,) and 150 c.c. aceticanhydride (1.59 moles.) in a 
1500 c.c. beaker. This was then stood in a ba tr1 of tap 
vJater and 1,5 c. c. of AnalaR 60% perchloric acid added. On 
stirring, the temperature rose and reached 75°C, at one time, 
but was mainly below 40° and all the glucose dissolved, 
After standing for a quarter of an hour tb.e beaker was filled 
with tap water and the.glucose pentaacetate came down. ·This 
\-Tas allovred to stand for tvm hours and was filtered and washed 
at the pump. It was then mixed with distilled water and 
stood for b.vo days \vhen it was filtered and drj_ed in a vacuum 
A sample was recrystalliserl from absolute 
alcohol, This method produced mainly the alpha isom~r. 
Yield 76.3 gm. i.e. 70,5% of the theoretical, 
Ivi.P. 110°C (uncorrected) 
c.f. lvi.P. ll2°-l13°C Hudson and Dale 70 • 
(:x] 20° 95,01° D = (C 1.5156 chloroform) 
c.f. [a<] 20° 101,6° (CHC13) 70 = Hudson and Dale , D 
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The details of this method due to Nicholas and Smith 
vJere not available vvhen the above preparation was carried 
out but they proved to be identical except that 200 c.c. of 
glacial acetic acid and 200 c,c. of anhydride were used. 
Adherence to their conditions might have improved the yield. 
«-2:3:4:6-TETRAACETYL-D-GLUCOSYL BROMIDE55 (ACETOBROMOGLUCOSE). 
Finely povJdered <X-D-glucose pentaacetate (100 gm., 
0.256 moles.) was added to 100 c.c. of glacial acetic acid 
containing dry hydrogen bromide (27 gm., 0.3 moles.) at 0°C. 
Solution was speedily effected by shaking. The stoppered 
flask was stored in the refrigerator over night. Chloroform 
(200 c.c. B.P.) was added and the solution poured in a thin 
stream into ice water. The flask was rinsed out with a 
further small quantity of chloroform and the combined solution 
was stirred. The chloroform layer was then separated off 
and stood over a fev'J granules of calcium chlorj_de until clear. 
The solution was then decanted from the drying agent into a 
large basin and 50 c.c. of petrol ether (B.P. 40°- 60°) added. 
This caused the syrup to crystallise v1hen stored in the 
refrigerator for hro days. 
Yield 62 gm. 
l'LP. 85° C. 
i.e. 58.9% of the theoretical. 
(uncorrected) 
On recrystallisation from ether and petrol ether (B.P. 
40° - 60°) a sample crystallised in rosettes of needles. 
Ivi.P. 88.5°C. (uncorrected) 
c. f. 88° - 89°C. Koenigs and Knorr24 • 
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ALTERNATIVE PREPARATION OF ACETOBROHOGLUCOSE53. 
To a mixture of 44 gm, of anhydrous D-glucose (0.244 
moles.) and 186 c.c. (200 gm., 1.972 moles.) of acetic 
anhydride in a 700 c.c. flask were added t}::J.ree drops of 
concentrated sulphuric acid from a pipette. On swirling the 
contents a considerable amount of heat vms evolved and the 
flask was cooled under the tap. The sulphuric acid acts as 
an acid catalyst and if too much is added the reaction becomes 
unmanageable. 
The flask \·vas then fitted with a condenser and heated 
on a boiling vTater bath for two hours. Then about 80 c.c. of 
glacial acetic acid -acetic anhydride mixture were distilled 
off at 20 m.m. and 50°C. bath temperature. Host of the acetic 
adid would be expected to come off as its boiling point is 
118°C. compared with that of acetic anhydride which is 138°C. 
The flask vTas cooled in ice and 81 gm. (1 mole.) of dry 
hydrogen bromid~ passed in with shaldng. The sealed flask 
v.JaS kept in the refrigerator overnight. The mixture \lras then 
poured into 2 litres of ice 1vater and 350 c.c. of chloroform 
added. This solution was stirred and separated and the aqueous 
layer extracted lvith two 100 c.c. lots of chloroform. The 
combined chloroform solution 1vas shaken v.ri th a fevr granules 
of calcium chloride until clear, then the solution evaporated 
• dovm at ordinary temp~ratures and 20 m.m. pressure. The syrup 
was poured into a crystallising dish wl~n it crystallised on 
the addition of petrol ether (B .P. 40° - 60°) • 
The crude product vras dissolved in the minimum amount 
of pure methanol and the solution vras poured into ice \•rater. 
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It crystallised in fine white crystals. 'rhese were 
filtered at the pump and spread on a tile in a vacuum 
desiccator over P2o5,in a refrigerator. 
Yield 60 gm. i.e. 59.7% of the theoretical. 
M.P. 85° (uncorrected) c.f. page 43. 
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TljE CONDENSATION OF ACETOBHOHOGLUCOSE HITH JvJETHYL- q(-:. 
HYDROXY- ()(-METHYL-BUTYRATE, 
Pure Methyl o(-hyclroxy- ~?(-methyl-butyrate (70 gm., 
0.530 moles.), sjlver oxide (50 gm., 0.215 moles.) dried in 
a vacuum desiccator over phosphorus pentoxide for ten days 
and anhydrous magnesium sulphate (30 gm.) 1vere mixed in a 
flat-bottomed 1500 c.c. flask. Dry dioxan (250 c.c.) was 
added and the flask stoppered with a two holed rubber stopper 
fitted with a motor driven stirrer with a mercury seal and 
with a bend attached to a calcium cl:lloride tube. After 
stirring for half an hour acetobromoglucose (60 grn., 0.146 
moles.) was added little by little. vJhen the condensation 
had proceeded for bmnty four hours a fe1.v drops of the 
reaction mixture \•Jere removed and filtered. A clean cchpper 
wire dipped in the filtrate was heated in the Bunsen flame. 
The absence of a green flame shovmd no halogen vras present, 
(i.e. a negative Beilstein test) indicating that no aceto-
bromoglucose remained. 
The solids were then removed by filtration at the pump 
and vvashecl with 300 c. c. of hot dioxan. The combined dioxan 
solution 11/as a pale brm·m colour. On stirring for a fe1.v 
minutes vli th 0.5 gm. of activated charcoal and filtering the 
solution became a pale yellovl. 
Dioxan was removed at 30° to 35° c. under reduced 
pressure (20 m.m.) usj_ng a filter pump, then the flask .'\rJaS 
connected through a receiver and trap with a rotary vacuum 
pump and the. last of the ester removed at 0.5 m.m. pressure 
and 30o c. 
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This left 35 gm. of a thick pale yellm,, syrup vlhich 
reduced Fehling's solution, indicating the presence of 
2:3:4:6-tetraacetyl-D-glucose. Anhydrous calcium sulphate 
would have been more efficient in preventing the formation 
of this than was anhydrous magnesium sulphate. No Beilstein 
Test for halogen could be obtained. 
Found %-OCH3 
Theoretical %-OCH3 
2.43% 
6. 717£ For the compound below. 
?H3 
CHr)OOC-C-0-C-H 
v I I 
c2H5 H- ?-OAc 
AcO-y~I 
H-C-OAc 
I 
H-C 
I 
CH20Ac 
Hethyl o<..-methyl-o(- ((5-2: 3:4:6-tetraacetyl-D-glucosido) 
butyrate. 
The acid equivalent of the condensation product was 
determined by a type of acetyl determination. (See appendix 
of analytical methods) • 
Number of ester groups found 
Theoretical 
4.84' 4. 98. 
s, 
made up of four acetyl groups and the ester group on carbon 
one. 
The syrup could not be made to crystallise although 
all the common sol vents 1vere tried, and solutions and the 
syrup itself were cooled in a freezing mixture of solid 
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carbon dioxide and alcohol. Ethyl alcohol and ethyl acetate 
were not used as probably there vrould be the danger of alkyl 
exchange with ethyl replacing methyl in the above compound. 
The presence of d ancl 1 forms and the unsymmetrical 
shape of the molecules may have been responsible for its 
reluctance to crystallise. 
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ANIDE FORNATION, 
.f: 
20 gm, of the syrupy condensation produce were dissolved 
in 250 c,c. of anhydrous pure methanol saturated vTith dry 
ammonia at 0°C, and the flask sealed and shaken and then 
stored in the refrigerator for five days when the solution 
vras again saturated with dry ammonia and replaced for a 
further five days, The methanol and ammonia were then 
removed at 30° bath temperature under reduced pressure. 'l1 he 
syrup was extracted with a total of 500 c. c, of vrarm ethyl 
acetate ~>Thic h removed the acetamide and the traces of ethyl 
acetate were removed at 40° bath temperature and 20 m.m. 
pressure. This left 12,5 gm. of a brown syrup '\IIhich would 
contain d and 1 unacetylated amides and some free glucose 
from the deactylation of 2:3:4:6-tetraacetyl-D-glucose. 
The amide did not crystallise. This vras not unexpected as 
Fischer and Anger71 had difficulty in crystallising the 
corresponding compound in the Linamarin Synthesis. 
THE LIBRARY 
UNIVErtSITY OF CANTERBURY 
CHRISTCHURCH, N.Z. 
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RE-ACETYL~TION OF THE M~IDE. 
The amide syrup (about 10 gm.) vms shaken vrith 35 c.c. 
of pyridine and 23 c.'c. of acetic anhydride and stood at 
room temperature for 10 days. ~:he mixture was then dis-
solved in chloroforrn and shaken \vi th cold distilled water 
and then dilute sodium bicarbonate solution. After vlashing 
again with distilled 'ltlater it ,,ms further washed vd th a 
total of a litre of 5% copper sulphate solution to remove 
the pyridine. The chloroform solution was then dried over 
anhydrous magnesium sulphate. A small portion vms evapor-
ated down under reduced pressure leaving a glassy mass. 
The main fraction Has allmved to evaporate to dryness in a 
desiccator and then triturated vrith a mixture of pure ethyl 
alcohol and ether. This solution which smelled very faintly 
of pyridine 'l:vas allmved to evaporate slmvly and gave rosettes 
of colourless needles. 
l~.P. 99° -100°C (uncorrected) • 
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ANAL:(.T~CAL :tvlETHODS . 
SEMI-MICRO lviE:THOXYL DETERJii.JiA..TIQN72 • 
A modified Zeisel determination based on that described 
by Hickinbottom was used, Alkoxy groups may be removed from 
esters or ethers as alkyl iodides on boiling with strong 
hydriodic acid (S,G. 1.7, B.P. 135°C,) A small trap con-
taining a suspension of 'tvashed red phosphorus in distilled 
water removes any hydrogen iodide. Dry carbon dioxide carries 
off the alkyl iodide vlhich reacts in two traps with 2% alcoholic 
silver nitrate giving a precipitate of silver iodide which is 
weighed directly in a sintered glass crucible. 
= 
~veigl1,t of Afi x 0_.1322 x 100 Weight o sample 
Acetyl groups present do not affect this determination73 • 
THE DE'l'ERMINA'"riON OF TI-ifL.IDJMBER OF CARBOXYL GROUPS 74 • 
This is a type of acetyl determination. 
About 20 m.g. of the compound were weighed accurately 
into a glass capsule and placed in a 25 c.c. conical flask. 
10 c. c. of standard -:& alkali was added and the flask warmed 
at 30°C. until the contents were homogeneous. After three 
hours 1vi th ihtermi ttent shaking the excess alkali was 
titrated with standard 1~ sulphuric acid using phenolphthalein 
as indicator. Knowing the molecular \veight of the compound 
the number of carboxyl groups cou.ld be determined. 
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PURIFICATION OF REAGENTS. 
The commercial methyl ethyl ketone (Hopkins and 
Williams) 1-.ras use a with no further purification. 
B.P. 
B .P. 
nl9 
n20 
D 
HETHANOL. 
0 79 .o c. 
79 .6°C. 
1.3801 
1.3791 
at 760 m.m. 
at 760 m.m. 
I. C. T. 
I. C. T. 
Commercial absolute methanol was stood over calcium 
oxide for ten days then refluxed and distilled off. Iodine 
(5 gm.) was dissolved in a little of the main fraction and 
magnesium turnings (15 gm.) were added. When the reaction 
had subsided the reminder of the main fraction was added 
and refluxed for eight hours. 
The alcohol was then slO\vly distilled through a long 
fractionating column packed with glass beads.· The whole 
apparatus was in glass. 
c.f. 
~THER. 
B.P. 
B.P. 
200 n 
D 
0 64.8 c. 
1.3290 
A small first fraction was discarded. 
I. C. T. 
I. C. T. 
Ether (S.G. 0.720) was dried over calcium chloride, 
filtered and stored over sodium wire away .from the light, 
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ACETONE. 
Acetone (1 litre B.P.) was shaken ,.;ith 20 ml. N. sodium 
hydroxide solution and 7 grams of silver rii trate for a day 
then decanted off and stood over excess fused calcium chloride. 
It was then slowly distilled through an efficient fractionating 
colurrm. 
20° n 
D 
CHLO.ROFORN. 
1.3615 
1.3591 I. C. T. 
B.P. 56.2°C. 
B. P. 56 .1 °C • I. C. T. 
Chloroform (B.P.) ,.las washed s:lx times with water by 
shaking vigorously. It was then dried over calcium chloriue 
and distilled off phosphorus pentoxide twice. 
B.P. 
B.P. 
PYRIDINE. 
I. C. T. 
1.4460 
1.4467 I. C. T. 
Commercial pyridine was refluxed over excess anhydrous 
barium oxide and fractionated through a long column. The 
0 
main fraction boiled at 115 c. 
n20 1.5072 
1.5090 I. C. T. 
ETHANOL, 
Commercial absolute alcohol vms treated as for methanol. 
1.3616 
1.3610 I. C. T. 
B.P. 
B.P. 
78.3°c. 
7 8 • S °C • I • C • T • 
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DIOXAN. 
Teclmical dioxan vms stored over calcium chloride 
filtered and distilled under reduced pressure. Care vlaS 
taken that the flask did not become dry as an explosion of 
the peroxides might then have resulted. 
n
200 1.4220 
n
200 1.42228 75 
D 
§]:..1,.\!]LR OXIDE . 
Ana1aR barium hydroxide (100 gm.) was dissolved in 
distilled water (1000 c.c.) and the barium carbonate fil-
tered off. Silver nitrate (100 gm.) was dissolved in 500 
c.c. of distilled water. The hot solutions were mixed 
with stirring and the precipitate of silver oxide was 
washed '"i th hot distilled 1..rater until only a faint test 
for barium could be obtained in the washings on adding a 
few drops of strong sulplmric acid to a sample. 
The silver oxide vras then rinsed with pure acetone 
0 
and dried in a vacuum oven at 80 C. for three days. 
The resulting oxide was po'ltrdered in a mortar, sieved 
through a fine mesh bolting silk and stored in a tightly 
stoppered brovm bottle. 
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GLACIAL ACETIC ACID SATUHA~.'ED WITH HYDROGEN BROMIDE 76 • 
Red phosphorus (12 gm.) '\vas mixed to a sludge with 
hydrobromic acid (30 c.c.) in a 250 c.c. distilling flask 
fitted with a dropping funnel the stem of which extended 
to just above the sludge. Bromine (40 c.c., 120 gm.) was 
dropped onto the sludge and the gas evolved was passed 
through a U-tube containing glass beads and moist red 
phosphorus and then aU-tube containing calcium chloride. 
To prevent sucking back the gas was passed through a large 
splash-head the stem of which dipped into the glacial 
acetic acid. The glacial acetic acid was not surrounded 
by the ice bath until some of the hydrogen bromide had 
dissolved to prevent the acetic acid freezing. 
IviETHANOLIC AMlvfONIA. 
Dry ammonia vras produced by boiling • 880 ammonia in 
a 500 c.c. flask fitted vrith a vertical reflux condenser 
connected with a tall soda-lime tm•l8r. The ammonia "ras 
bubbled through pure methanol in a flask surrounded by 
ice until no more dissolved. 
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